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ABSTRACT
Factor XI Deficiency (FXID) is caused by imperfect insertion of poly adenine which is resulted in 
introduction of premature stop codon in FXI gene.  Substitution of guanine into thymine in SLC35A3 
gene caused Complex Vertebral Malformation (CVM). The research was aimed to detect the pres-
ence or absence of a genetic defect mainly CVM using SLC35A3 gene and FXID using FXI gene in 
Indonesian Bali cattle. The presence of this genetic defect may have a significant economic impact 
on the breeding program. The research of genetic defect was done mostly in dairy cattle, but there 
was no report for screening of genetic defect in Bali cattle. In this study, 303 fresh blood samples 
and 22 semen samples which were collected from Indonesian Bali cattle breeding center (BPTU HMT 
Denpasar, BPT HMT Serading West Nusa Tenggara and district Barru South Sulawesi) and artificial 
insemination centre (BBIB Singosari and BIBD Baturiti) were used for screening of FXID and CVM. 
The amplicons of FXI gene were obtained by using PCR and that for SLC35A3 gene were obtained by 
using PCR-RFLP method with PstI restriction enzyme. These PCR products were analyzed by using 
2% agarose gels electrophoresis. All genotypes were confirmed by DNA sequencing to determine an 
allele mutant. The allele mutant was not found in all of the samples. The result of this study showed 
that CVM and FXID were not detected in Bali cattle from Indonesian Bali cattle breeding and artifi-
cial insemination centres.
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ABSTRAK
Insersi poli adenin yang tidak sempurna menyebabkan terjadinya kodon stop prematur 
pada gen FXI, sehingga terjadi kelainan genetik FXI deficiency (FXID). Substitusi guanin menjadi 
timin pada gen SLC35A3 menyebabkan kelainan genetik complex vertebral malformation (CVM). 
Penelitian ini bertujuan untuk mendeteksi ada atau tidaknya kelainan genetik terutama CVM meng-
gunakan gen SLC35A3 dan FXID menggunakan gen FXI. Kelainan genetik ini biasa ditemukan pada 
sapi perah, tetapi sampai saat ini deteksi kelainan genetik FXID dan CVM belum pernah dilakukan 
pada sapi Bali. Sebanyak 303 sampel darah dan 22 sampel semen beku yang berasal dari pusat pem-
bibitan sapi Bali (BPTU-HMT Denpasar, BPT HMT Serading Nusa Tenggara Barat dan Kabupaten 
Barru Sulawesi Selatan) dan pusat inseminasi buatan (BBIB Singosari dan BIBD Baturiti) digunakan 
untuk mendeteksi FXID dan CVM. Amplifikasi gen FXI menggunakan PCR sedangkan gen SLC35A3 
menggunakan PCR-RFLP dengan menggunakan enzim restriksi PstI. Produk PCR dianalisis dengan 
elektroforesis gel agarose 2%. Semua genotipe dikonfirmasi dengan DNA sekuensing untuk memas-
tikan adanya alel mutan. Hasil penelitian tidak menemukan adanya alel mutan, baik dengan gen FXI, 
maupun SLC35A3. Hal ini menunjukkan bahwa tidak terdapat kejadian CVM dan FXID pada sapi 
Bali di pusat pembibitan sapi Bali dan balai inseminasi buatan.  
Kata kunci: sapi Bali, kelainan genetik, gen SLC35S3, gen Factor XI 
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INTRODUCTION
Bali cattle (Bos sondaicus, Bos javanicus, Bos/Bibos 
Banteng) is one of Indonesian native animal genetic 
resources which is domesticated descendent of the 
wild Banteng (Bibos banteng). Total population of Bali 
cattle are recorded 4,789,521 heads or 32.31% of all beef 
cattle in Indonesia (BPS 2011). Bali cattle are spreading 
throughout Indonesia, with the largest population found 
in the province of South Sulawesi, East Nusa Tenggara, 
West Nusa Tenggara and Bali with the percentage were 
19.94%, 14.28%, 14.04%, and 13.31%, respectively. 
An effort to make a superior Bali cattle was to 
maintain the existence and the uniqueness of Indonesian 
Bali cattle. The requirements for both superior dams and 
sires become very important thing in Bali cattle breed-
ing programs. One of the requirements of bred cattle is 
free from genetic defect (Ministry of Agriculture, 2006). 
Genetic defect is undesirable in breeding program, due 
to the negative impact, such as decreased ability of 
production and reproduction, abnormal anatomy and 
some cases cause dying animal if the mutation is lethal 
(Meydan et al., 2010).   
Improving the genetic quality of Bali cattle to pro-
duce dams and sires that were free from genetic defect 
are important to ensure that Bali cattle used for breed-
ing are free of genetic abnormalities, mainly Factor XI 
Deficiency (FXID) and Complex Vertebral Malformation 
(CVM). FXID and CVM are an autosomal recessively in-
herited disorders that have been detected in dairy cattle 
(Marron et al., 2004).   
FXI deficiency is a genetic defect that causes the 
insertion of imperfect poly-adenine introduced stop 
codon in FXI gene. FXID in cattle was first discovered 
in Holstein cattle in Ohio (Kociba et al., 1969) and then 
spreaded to other countries because of the application of 
artificial insemination and semen trading.  Deficiency of 
FXI in dairy cattle occurs because there is a mutation in 
FXI gene exon 12 in chromosome 27 with insertion of 76 
nucleotide base (Ghanem et al., 2008; Marron et al., 2004) 
or 77 nucleotide base (Patel et al., 2007). The other case 
of FXID in Japanese Black cattle occured because there 
was an insertion of 15 nucleotide base in FXI gene exon 
9 (Kunieda et al., 2005).    
CVM is an inherited disorder during embryonic 
development causing abortion which affected in fetuses 
and perinatal death associated with vertebral abnormali-
ties (Agerholm et al., 2004). CVM was first discovered 
in Danish Holstein Denmark in 1999 (Agerholm et al., 
2001). Elite bull Carlin-M Ivanhoe Bell carried of this 
lethal mutation (Thomsen et al., 2006). The widespread 
of CVM in Holstein cattle was caused by the application 
of artificial insemination and semen trading. In breeding 
study, this malformation makes losses of pregnancies 
due to the large number of aborted foetus in 260 days 
of gestation that means large economical effect because 
of too many cows to be culled (Berglund et al., 2004). In 
the molecular base, CVM occurs because of substitution 
of guanin (G) base with timin (T) base at position 559 
of cDNA of bovine solute carrier family 35 member 3 
(SLC35A3) gene located at chromosome 3 (Thomsen et 
al., 2006).      
Detection of genetic defects of CVM and FXID in 
Bali cattle in Indonesian breeding centre has never been 
conducted in Indonesia, therefore this research needs to 
be done because Bali cattle is Indonesian native animal 
genetic resource which is an asset of the nation. The pur-
pose of this study was to detect the presence or absence 
of a genetic disorder mainly CVM using SLC35A3 gene 
and FXID using FXI gene in Indonesian Bali cattle breed-
ing center.
 
MATERIALS AND METHODS
Blood Samples and DNA Extraction 
Blood samples (10 mL) were collected from each 
cattle by jugular vein puncture in tube containing EDTA. 
Genomic DNA was extracted using modified phenol-
chloroform methods (Sambrook et al., 2001). DNA was 
stored at -20 oC until it used for PCR amplification (Table 
1).  
Pooling DNA
DNA pooling is a practical way in collecting and 
grouping many extraction DNA samples into one pool. 
Pooling allows allele frequencies in group of individuals 
to be measured using fewer PCR reaction and genotyp-
ing assays than in individual genotyping basis (Sham et 
al., 2002). Pooling DNA samples were done by combin-
ing DNA samples from several individuals for subse-
quent PCR analysis. One pool consist of five samples. To 
ensure that all samples were completely mixed, the pool 
of DNA were vortexed and centrifuged. If in one pool 
was obtained any mutant allele, then all members in one 
pool was checked one by one. 
Polymerase Chain Reaction (PCR) 
Amplification of polymerase chain reaction 
was performed using specific primers to the spe-
cific conditions of each gene. PCR assay for FXI gene 
was described by Marron et al. 2004 with minor 
modification. The sequences of forward primer are 5’ 
CCCACTGGCTAGGAATCGTT 3’ and reverse primer 
are: 5’ CAAGGCAATGTCATATCCAC 3’ for FXI gene 
(GenBank accession number: AH013749.2) (Figure 2). 
Table 1.  The sample origin, types and number of samples used 
in this study
Sample origin Samples type 
Sex 
Total
Male Female 
BBIB Singosari Fresh Blood 28 0 28
BPT-HMT Serading 
NTB 
Fresh Blood 41 11 52
BPTU-HPT Denpasar Fresh Blood 98 59 157
BIBD Baturiti Frozen Semen 22 0 22
Barru District South 
Sulawesi 
Fresh Blood 48 18 66
TOTAL 238 88 325
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PCR assay for SLC35A3 gene was described by Kanae 
et al. (2005). The primer forward sequences for SLC35A3 
gene are: 5’CACAATTTGTAGGTCTCACTGCA 3’, and 
primer reverse: 5’CGATGAAAAAGGAACCAAAAG
GG 3’ (GenBank accession number: AY160683) (Figure 
3). PIRA-PCR was used to detect a mutation that oc-
curred in the CVM, which was conducted by inserting 
nucleotide bases on the primers used because of no re-
striction site in exon 4 BTA3 chromosome SLC35A3 gene 
(Kanae et al., 2005). This creation of the recognition site 
in primers has been introduced.  The purpose of inser-
tion of nucleotide bases was that new site could be new 
restriction site which could be indentified by restriction 
enzyme.     
PCR were performed with a volume of 15 µL 
consisting of a pool of DNA samples in 1 µL, for-
ward-reverse primer 0.3 µL (25 pmol each primers) 
(IDT Singapore), Go Taq® Green Master Mix 7.5 µL 
(PROMEGA Madison, WI U.S.A) and 6.2 µL of sterile 
water.  The PCR was carried out using a thermocycler 
which was following this protocol; initial denaturation 
at 95 oC for 5 min, followed by 35 cycles of 95 oC for 20 s, 
annealing of primers at 60 oC for 20 s, and extention at 72 
oC for 30 s and followed by final extention at 72 oC for 15 
min. The amplification products were separated in 1.5% 
(w/v) agarose gels. Genotiping of FXID was resolved by 
electrophoresis of PCR products using 2% agarose gels 
which was followed by staining with ethidium bromide 
in TBE buffer for 40-45 min.  
PCR-RFLP and Data Analysis
Detection of mutation in SLC35A3 gene exon 4 was 
performed by using the restriction enzyme PstI (Kanae et 
al. 2005). A total of 5 µL of PCR product was mixed with 
0.7 µL of PstI buffer enzyme, 0.4 µL of PstI enzymes (5 
U/ µL) (Biolabs® Inc. New England) and 0.9 µL of sterile 
water. The mixture was incubated at 37 oC for 16 h. 
To determine whether there was a mutant allele or 
not, electrophoresis on 2% agarose gels was conducted 
and followed by staining with ethidium bromide in TBE 
buffer for 40-45 min. The DNA bands produced from the 
process were then compared with marker to determine 
the length of fragments.  
All genotypes were confirmed by DNA sequencing. 
Two samples were used for sequencing of both normal 
and carriers samples. Primer sequences used for analysis 
were primer forward and primer reverse. The sequen-
sing results were analyzed by BioEdit program. The 
homology of FXI and SLC35A3 genes on Bali cattle with 
FXI and SLC35A3 genes in GenBank were analyzed with 
nucleotide Basic Local Alignment Search Tool (BLAST) 
(www.ncbi.nhl.nih.gov./BLAST). Determination of 
normal alleles and mutant alleles sequences of FXI 
gene and SLC35A3 gene were analyzed with Molecular 
Evolutionary Genetic Analysis (MEGA5) (Tamura et al., 
2011). 
Data were analyzed descriptively to determine the 
presence or absence of genetic abnormalities of CVM 
and FXID based on electrophoresis gels and sequences 
results from Bali cattle in Indonesian Bali cattle breeding 
centres.                
RESULTS AND DISCUSSION 
FXI Gene and SLC35A3 Gene Amplification
The primers used in this study were amplified DNA 
samples successfully. Amplicon size obtained was 245 
base pairs (bp) for FXI gene and 287 base pairs (bp) for 
SLC35A3 gene (Figure 1). The primer position site used 
in FXI and SLC35A3 genes were showed in Figure 2 and 
Figure 3, respectively. Amplifications of SLC35A3 and 
FXI genes were successfully performed with annealing 
temperature of 60 oC with 35 cycles. PCR products of 
the SLC35A3 gene were subsequently digested with PstI 
restriction enzymes to detect the presence of mutations 
in these genes. 
Detection of Mutation of Factor XI Deficiency (FXID) 
In this study, a total of 325 Bali cattle was screened 
for FXI deficiency, all samples showed normal allele with 
Figure 1. DNA amplicon of Bali cattle in 1.5% agarose. Line 1-3= 
DNA band 245 bp for FXI gene; line 4-6= DNA band 
287 bp for SLC35A3 gene; M= marker (100 bp).
Figure 2.  Part of exon 12 on chromosome 27 within FXI gene of Bos taurus.  The underline is primer position site, begin on 9200 to 9444 
nucleotide.  In mutant individual, there were 76 bases insertions began from 9402 composed of imperfect poly-adenine tract 
introduced stop codon.  GenBank accession number: AH013749.2.
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Figure 2. Part of exon 12 on chromosome 17 within FXI gene of Bos taurus.  The 
underline is primer position site, begin on 9200 to 9444 nucleotide.  in 
mutant individu, there were 76 base insertion began from 9402 
composed of imperfect poly-adenine tract introduced stop codon.  
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length of 245 bp fragment (Figure 4). The normal FXI 
allele in unaffected animals produced 245 bp.  Normal 
allele samples indicated that there was no affected 
animals with FXI deficiency (homozygous wild type). 
Analysis of 325 Bali cattle in breeding centre of Bali 
cattle in Indonesia revealed that all Bali cattle possessed 
normal genotypes (genotype FF).  
In homozygous affected animals (genotype ff), the 
fragment had a length of 320 bp and the heterozygous 
(or carriers/genotype Ff) cattle exhibited two fragment 
of 244 bp and 320 bp due to the insertion of as many as 
76 bp adenine rich fragment into exon 12 of FXI gene on 
chromosome 27. This insertion, composed of an imper-
fect poly-adenine tract followed duplicated region of the 
normal coding sequence, introduced a premature stop 
codon (TAA), which impaired the synthesis of functional 
protein (Marron et al., 2004).  Patel et al. (2007) found that 
carrier individual exhibited two fragments with DNA 
length 247 bp and 324 bp due to the insertion of 77 base 
pairs insertion within exon 12 of the FXI gene. In this 
study, we did not find any cattle carrying this genetic 
defect.
Sequencing of the samples were also carried out 
to confirm whether these Bali cattle was carriers or not. 
BLAST analysis accessed from http://www.ncbi.nlm.nih.
gov/.BLAST was used to find the region of local similar-
ity between sequences in GenBank. The BLAST search 
demonstrated 100% homology between FXI gene of 
20 
 
 463 
 464 
 465 
 466 
 467 
 468 
 
Figure 3. Part of exon 4 on chromosome 3 within SLC35A3 gene of Bos taurus.  The 
underline is primer position site, begin on 9848 nucleotide to 10134 
nucleotide.  Restrictiction enzymes PstI cut the ctgca↓g sites, ct is base that 
inserted and changing the origin base (tg) because there is no restriction site 
around the mutation site.  9871 base is the point of mutation, G (guanine) in a 
normal individu and T (timine) in mutant individu.  GenBank accession 
number : AY160683     
 
 
Figure 4. PCR product of FXI gene in 2% agarose.  M = marker DNA 100 bp, 1-7 = 
DNA of bali cattle 
Figure 3. Part of exon 4 on chromosome 3 within SLC35A3 gene of Bos taurus.  The underline is primer position site, begin on 9848 
nucleotide to 10134 n cleotide. Restrictiction enzymes Ps I cut the ctgca↓g sites, ct is base that inserted and changing the 
origin base (tg) because th re s no restriction site around the mutation site.  9871 base is the point of mutation, G (guanine) 
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Figure 5. Allignment of bali cattle sequences from FXI gene within exon 12 (Genbank accession 
number : AH013749.2) 
Figure 5.  Alignment of Bali cattle sequences from FXI gene within exon 12. AB19608.1: Ge Bank accession number for FXI gene of 
Bos taurus complete cds; AH013749.2: GenBank accession number for FXI gene of Bos taurus partial cds; Marron et al. (2004): 
mutant sequences (GenBank accession number unknown); TAA: stop codon premature; GAAATAATAATTCA: repeated of 
14 base pairs in mutant sequences.
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Bali cattle and Bos taurus, and obtained 245 bp whether 
Bali cattle as individual or as a pool of sample (Figure 
5). The results confirmed that FXI gene of Bali cattle was 
identic with FXI gene of Bos taurus and pooling method 
was successfully detected mutation in the FXI gene in 
Bali cattle. Pooling methods were used for equipment 
and detection time efficiency (Yang et al., 2003) in a large 
number of samples (Sham et al., 2002). If one pool was 
analyzed and exhibited the different alleles, all members 
of the pool were analyzed one by one. This study ob-
tained that DNA band in the individual sample showed 
the same results in a group of pooled samples.    
The study of FXID in many breeds have been 
reported in many countries (Table 2). Monitoring of 
FXID in 103 heads of Polish Friesian-Holstein cattle 
with repeat breeding and mastitis showed that three 
of related cows were diagnosed as carriers of FXI gene. 
These carriers were identified as heterozygous cows and 
were healthy clinically (Gurgul et al., 2009). Investigation 
of FXID syndrom in 1001 heads of Indian dairy cattle 
showed that two holstein bulls detected as heterozygous 
for FXID, with carrier frequency of 0.6% (Patel et al., 
2007).  The carriers frequency of the FXID also detected 
in Turkey, USA, Republic Czech, Iran, Japan with car-
rier frequency of 1.80%, 1.20%, 0.36%, 2.91% and 2.50% 
repectively (Meydan et al., 2010; Marron et al., 2004; 
Čítek et al., 2008; Gurgul et al., 2009; Ghanem et al., 2005). 
There was a little frequency of FXID carriers in many 
countries among cattle breeds. 
FXI deficiency was not detected in Iranian buffalo 
(Bagheri et al. 2012), Bos indicus, Crossbred of Friesian 
Holstein and Bos indicus, Jersey, Crossbred of Jersey and 
Bos indicus, Bubalus buBalis (Patel et al., 2007), Khuzestan 
native cow and Iranian Holstein cattle (Eyvandi et al., 
2011). Similar finding in Bali cattle in Indonesia that 
there was no detected carriers of FXID in Indonesian 
Bali cattle breeding centre in this study. FXI Deficiency 
was also found in Japanese Black cattle caused by the 
insertion of 15 nucleotides within exon 9 of the gene to 
FXI (Kunieda et al., 2005), so the case of FXID between 
Holstein cows and Japanese Black Cattle is a different 
case, which might be caused by the differences in mu-
tation of FXI gene, characteristic of different types and 
breeding environment (Ohba, 2008).  
FXID in cows have a tendency to show repeat 
breeding (Ghanem et al., 2005), abberation in reproduc-
tive performance, such as lower calving rate and lower 
calf survivval rate, small diameter of follicular accompa-
nied by lower peak estradiol concentrations in plasma 
near the time of ovulation (Liptrap et al., 1995).  Japanese 
black calf with FXI deficiency was indicated by hemo-
static deficiency, growth retardation and hip dysplasia. 
FXID in Japanese black cattle might not show any symp-
toms by itself, but it could be shown by hemorrhage 
symptoms in association with other factors (Ohba et al., 
2008)  
The results from this study revealed that all of 
Bali cattle reared in Indonesian Bali cattle centres 
Breed Number of samples
Carriers References Number %
Bos taurus
Friesian Holstein
Turkey 225 4 1.80 Meydan et al. 2009
Turkey 350 4 1.20 Meydan et al. 2010 
USA 419 5 1.20 Marron et al. 2004 
India 330 2 0.60 Patel et al. 2007 
Japan 40 1 2.50 Ghanem et al. 2005 
Republic Czech 279 1 0.36 Citek et al. 2008 
Poland 103 3 2.91 Gurgul et al. 2009
Iran 100 0 0.00 Eyvandi et al. 2011
Cross breed
FH >< B. Indicus
India 265 0 0.00 Patel et al. 2007
Jersey >< B. Indicus
India 69 0 0.00 Patel et al. 2007
Bubalus bubalis
Iran 300 0 0.00 Bagheri et al. 2012
India 153 0 0.00 Patel et al. 2007
Japanese Black Cattle
Jepang 123 51 47.15 Ohba et al. 2008
Bos indicus
India 79 0 0.00 Patel et al. 2007
Khuzestan native cattle
Khuzestan 230 0 0.00 Eydivandi et al. 2011
Bali cattle
Indonesia 325 0 0.00 Present study
Table 2. The frequency of FXID carriers in many countries compared with present study
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(BPTU-HMT Denpasar, BPT-HPT Serading West Nusa 
Tenggara, VBC district Barru South Sulawesi) and 
the centre of Bali cattle semen (Balai Besar Inseminasi 
Buatan Singosari and BIBD Baturiti) were normal indi-
vidual. None of Bali cattle analyzed in this study were 
found to be carrier for FXID.  
Mutation Detection of Complex Vertebral 
Malformation
In this study, a total of 325 samples of Bali cattle 
were screened for CVM.  The primer used in this study 
succesfully amplified DNA fragments of 287 bp. The 
PCR products of CVM were digested with PstI restric-
tion enzymes. Restriction enzymes PstI that were used 
in this study were able to digest nucleotide sequences 
at sites 5 ‘CTGCA↓G 3’. Electrophoresis in 2% agarose 
gels of all of the PCR products exhibited one fragment 
of 264 bp (Figure 6, fragment 23 bp could not be seen). 
Analysis of all of PCR products could be digested by 
PstI restriction enzymes. These results indicated that all 
of the samples were unaffected animals, (homozygous 
normal animal: GG). If the PCR product could not be 
digested by PstI restriction enzymes, it indicated that the 
individual sample contained the mutant alleles (affected 
animals) (Kanae et al., 2005). In affected animals, it will 
be found one fragment of DNA with the length of 287 
bp (homozygous mutant animal: TT). In carriers animal 
it will be obtained three fragments of 287 bp, 264 bp, and 
23 bp (heterozygous animal: GT). It showed in this study 
that all of the Bali cattle was screened with SLC35A3 
gene possessed the normal genotypes. Bali cattle reared 
in Indonesian Bali cattle breeding centres produced 
the superior Bali cattle whether male or female, all the 
samples were normal individual with undetected CVM 
genetic defect.      
Sequencing of the samples were also done in this 
study in order to confirm whether these cattle were car-
riers or not.  BLAST analysis used to find the region of 
local similarity between sequences. The BLAST revealed 
100% homology with the XI SLC35A3 gene of Bos taurus 
and obtained 287 bp whether Bali cattle as individual or 
as a pool of sample (Figure 7). Alignment of nucleotide 
sequences of Bali cattle with Bos taurus suggests that CT 
is intentionally inserted mismatch nucleotides in the 
forward primer, it means that the primer modified with 
artificial restriction sites succesed for being new restric-
tion site that can be recognized by restriction enzymes 
used.   
CVM commonly found in Holstein cattle, however, 
it’s possible to occur also in cattle from other breeds, 
both male and female, adult and calve (EPS, 2006). 
The frequency of CVM carriers have been reported 
in many countries (Table 3). CVM detection in Chezch 
showed that in 111 Chezh ellite holstein cows, 21 were 
heterozigous for CVM (18.9%) (Čítek et al., 2006), carrier 
frequency of CVM in Polish, Denmark, Japan, Slovak, 
Swedish, Turkey and Chinese were 24.79%, 31.00%, 
Figure 6. PCR-RFLP fragment gene SLC35A3|PstI agarose gel 
2%.  M= DNA marker 100 bp, 1-6= Bali cattle
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Figure 7. Alignment of Bali cattle sequences from SLC35A3 gene within exon 4. AY160683.1: GenBank accession number for Bos taurus 
normal sequences; HM183013.1: GenBank accession number for Bos taurus mutant sequences
SISWANTI ET AL. / Media Peternakan 37(3):143-150
December 2014      149 
13.00%, 8.50%, 23.00%, 3.40% and 43.58% respectively 
(Ruść et al. 2007; Thomsen et al. 2006; Ghanem et al. 2008; 
Gábor et al. 2008; Berglund et al. 2004; Meydan et al. 2010; 
Chu et al. 2008). The CVM carriers in dairy cattle were 
high frequency (20%-30%). This result is an alarm that 
this genetic defect was widespread in the world.  
PIRA-PCR method that was used in this study is one 
of the methods for detecting CVM that used to perform 
inserting an artificial restriction sites on the primers used 
to replace nucleotide bases in the sequences of primers 
used in order to be recognized by the restriction enzyme 
used. This technique could be used to detect single base 
mutation in a gene that does not have restriction sites 
around the mutated region. CVM was the genetic defect 
occured due to point mutations cause a point mutation 
(missense mutation) that is due to the substitution of 
guanine into thymine (Kanae et al., 2005) resulting in 
codon changes that lead to changes in the amino acid 
valine (GTT) into phenylalanine (TTT) (Thomsen et al., 
2006). Base sequences from GenBank accession number 
AY160683, nucleotide base position in 9871 was a point 
of mutation, in normal animals it was guanin base (G) 
and in affected or carrier animals guanine base (G) 
change to thymine (T).  Figure 7 showed that there was 
no change of guanine (G) to thymine (T) in SLC35A3 
gene within exon 4 of Bali cattle in this study. This 
result indicated that the samples which were taken from 
Indonesian Bali cattle breeding centres were free from 
CVM.    
The Implementation of Screening Genetic Defect 
CVM and FXID in Bali Cattle in Indonesian 
Bali Cattle Breeding Center
Although there was no mutant allele detected 
for FXI deficiency (FXID) and Complex Vertebral 
Malformation (CVM) in Bali cattle at Indonesian Bali 
cattle breeding centres, it is important that screening 
of the genetic defect in breeding centres is conducted 
continously.  This is because those places are the centres 
of Bali cattle, both female and male that are used for 
dams and sires to produce the superior Bali cattle. The 
screening test of genetic defect especially for sires is very 
important to make sure that Bali cattle used to produce 
semen for artificial insemination program are free from 
genetic defect that might be found in the progeny. 
Other important things that should be done to opti-
mize the breeding program is production and reproduc-
tion record of the animals. It is important to record every 
case of production and reproduction to ensure that the 
cattle is superior. The screening of genetict defect also 
needs the necropsy record from any dead animals.
Beside CVM and FXID, there are several inherited 
bovine disorders that should be screened in breeding 
systems such as Bovine Leukocyte Adhesion Deficiency 
(BLAD), Bovine Citrulinemia (BC) and Deficiency of 
Uridine Monophosphate Synthase (DUMPS) (Meydan et 
al., 2010).   
CONCLUSION
There were no carriers of FXID (Factor XI 
Deficiency) and Complex Vertebral Malformation 
(CVM) in Bali cattle at Indonesian Bali cattle breeding 
centres (BPTU-HMT Denpasar, BPT-HPT Serading West 
Nusa Tenggara, VBC district Barru South Sulawesi) and 
artificial insemination centre (Balai Besar Inseminasi 
Buatan Singosari and BIBD Baturiti).   
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Table 3. The carriers frequency of complex vertebral malformation (CVM)
Breed Number of samples
Carriers
References 
Number %
Bos taurus
Friesian Holstein
Republic Czech 111 21 18.90 Citek et al. 2006 
Denmark no data no data 31.00 Thomsen et al, 2006
Poland 605 150 24.79 Ruść & Kamiński 2007 
Japan 200 26 13.00 Ghanem et al. 2008 
Slovak 47 4 8.50 Gábor et al 2012
Swedish 228 58 23.00 Berglund et al. 2004 
Turkey 350 12 3.40 Meydan et al. 2010 
Chinese 670 292 43.58 Chu et al. 2008
Chinese 587 56 9.54 Zhang et al. 2012 
Chinese 154 24 15.58 Wang et al. 2012
Iran 144 0 0.00 Rezaee et al. 2008
Bali cattle
Indonesia 325 0 0.00 Present study
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artificial insemination centre (Balai Besar Inseminasi 
Buatan Singosari and BIBD Baturiti).    
 REFERENCES
Agerholm, J.S., C. Bendixen, J. Arnbjerg & O. Andersen. 2001. 
Complex vertebral malformation in Holstein calves. J. Vet Di-
agn Invest 13:283-289.
Agerholm, J. S., C. Bendixen, J. Arnbjerg, & O. Andersen. 
2004.  Morphological variation of complex vertebral mal-
formation in Holstein calves. J. Vet Diagn Invest 16:548-
553. http://dx.doi.org/10.1177/104063870401600609
Bagheri, S., C. Amirinia, M. Chamani, M. Aminafshar, A. A. 
Sadeghi, & H. R. Seyedabadi.  2012.  Identification of fac-
tor XI deficiency in Khuzestan buffalo population of Iran. 
Glob Vet 8:598-600.
Berglund, B., A. Persson, & H. Stalhammar.  2004.  Effect of 
Complex vertebral malformation on fertility in Swedish 
Holstein cattle. Acta Vet Scand 45:161-165. http://dx.doi.
org/10.1186/1751-0147-45-161
[BPS] Badan Pusat Statistik.  2011.  Pendataan sapi potong, sapi 
perah dan kerbau 2011 (PSPK2011).  Badan Pusat Statistik 
: 05303011. 
Chu, Q., D. Sun, Y. Yu, Y. Zhang, & Y. Zhang.   2008.  Identifi-
cation of complex vertebral malformation carriers in Chi-
nese Holstein. J. Vet Diagn Invest 20:228-230. http://dx.doi.
org/10.1177/104063870802000215
Čítek, J., V. Rehout., Hajkova & J. Pavkova. 2006. Monitoring 
of genetic health of cattle in the Czech Republic.  Vet. Med. 
51:333-339.    
[EPS] European Patent Specification.  2006.  Genetic test for 
the identification of carriers of complex vertebral malfor-
mations in cattle.  WO 2002/040709 (23.05.2002 Gazette 
2002/21).
Eyvandi, C., C. Amirinia, N. E. Kashan, M. Chamani, & J. Fay-
azi.  2011.  Study of factor XI deficiency in Khuzestan cattle 
population of Iran.  Afric. J. Biotech 10:718-721. 
Gábor, M., M. Martina, T. Anna, R. Zuzana, J. Candrák, & V. 
Klára.  2012.  Detection of complex vertebral malformation 
carriers in Slovak Holstein cattle by high resolution melt-
ing analysis.  Acta Vet (Beograd) 62:239-248. http://dx.doi.
org/10.2298/AVB1203239G
Ghanem, M. E., M. Nishibori, T. Nakao, K. Nakatani, & M. 
Akita. 2005. Factor XI mutation in a Holstein cow with re-
peat breeding in Japan.  J. Vet. Med. Sci. 67:713-715. http://
dx.doi.org/10.1292/jvms.67.713
Ghanem, M. E., M. Akita, T. Suzuki, A. Kasuga, & M. Nishi-
bori. 2008.  Complex vertebral malformation in Holstein 
cow in Japan and its inheritance to crossbred F1 generation. 
Anim. Reprod. Sci 103:348-354. http://dx.doi.org/10.1016/
j.anireprosci.2007.05.006
Gurgul, A., Rubiś, & E. Slota. 2009. Identification of carriers of 
the mutation causing coagulation factor XI deficiency in 
Polish Holstein-Friesian cattle.  J. Appl. Genet. 50:149-152. 
http://dx.doi.org/10.1007/BF03195666
Kanae, Y., D. Endoh, H. Nagahata, & M. Hayashi. 2005.  A 
method for detecting complex vertebral malformation in 
Holstein calves using polymerase chain reaction-primer 
introduced restriction analysis. J. Vet. Diagn. Invest. 17:258-
262. http://dx.doi.org/10.1177/104063870501700309
Kociba, G. D., O. D. Ratnoff, W. F. Loeb, R. L. Wall, & L. E. 
Heider.  1969.  Bovine thromboplastin antecedent (Factor 
XI) deficiency.  J. Lab. Clin. Med. 74:37. 
Kunieda, M., T. Tsuji, A.R. Abbasi, M. Khalaj, M. Ikeda, K. 
Miyadera, H. Oqawa, & T. Kunieda.  2005.  An insertion 
mutation of the bovine FXI gene is responsible for factor XI 
deficiency in Japanese black cattle.  Mamm. Genome. 16:383-
9. (Abstr.). http://dx.doi.org/10.1007/s00335-004-2462-5
Liptrap, R. M., P. A. Gentry, M. L. Ross, & E. Cummings.  1995. 
Preliminary findings of altere follicular activity in Holstein 
cows with coagulation factor XI deficiency. Vet. Res. Com-
mun. 19:463-471.  http://dx.doi.org/10.1007/BF01839334
Marron, B. M., J. L. Robinson, P. A. Gentry, & J. E. Beever. 
2004. Identification  of a mutation associated with Factor 
XI Deficiency in Holstein cattle. Anim. Genet. 35:454-456. 
http://dx.doi.org/10.1111/j.1365-2052.2004.01202.x
Meydan, H., M.A. Yildiz, & J.S. Agerholm.  2010. Screening 
for bovine leukocyte adhesion deficiency, deficiency of 
uridine monophosphate synthase, complex vertebral mal-
formation, bovine citrullinemia, and factor XI deficiency in 
Holstein cows reared in Turkey.  Acta Vet. Scand. 52:56.
[Ministry of agriculture].  2006.  Peraturan Menteri Pertanian 
Nomor: 36/Permentan/OT.140/8/2006 : Sistem perbibitan 
ternak nasional.
Ohba, Y., M. Takasu, N. Nishi, E. Takeda, S. Maeda, T. Kuni-
eda, & H. Kitagawa.  2008.  Pedigree analysis of factor XI 
deficiency in Japanese black cattle. J. Vet. Med. Sci 70:297-
299. http://dx.doi.org/10.1292/jvms.70.297
Patel, R. K., K. J. Soni, J. B. Chauhan, K. M. Singh, & K. R. 
S. Rao.  2007.  Factor XI deficiency in Indian Bos aurus, 
Bos indicus, Bos aurus x Bos indicus crossbreds and Buba-
lus buBalis.  Genet. Molec. Biol. 30:580-583.  http://dx.doi.
org/10.1590/S1415-47572007000400013
Rezaee, A.R., .M.R. Nassiry, R. Valizadeh, M. Tahmoorespour, 
A. Javadmanesh, A. Zarei, & H. Janati.  2008.  Study of 
complex vertebral malformation disorder in Iranian Hol-
stein bulls. World J. Zoo. 3:36-39. 
Ruść, A., & S. Kamiński.  2007.  Prevalence of complex verte-
bral malformation carriers among Polish Holstein-Friesian 
bulls. J. Appl. Genet. 48:247-252. http://dx.doi.org/10.1007/
BF03195219
Sambrooks, J. & D. W. Russel.  2001.  Moleculer Cloning a Lab-
oratory Manual. 3rd Ed. New York: Cold Spring Harbour.
Sham, P., J. Bader, I. Craig, M. O’Donovan, & M. Owen.  2002. 
DNA pooling a tool for large-scale association studies.  Nat. 
Rev. Genet 3:862-871. http://dx.doi.org/10.1038/nrg930
Tamura, K., D. Peterson, N. Peterson, G. Stecher, M. Nei, & 
S. Kumar.  2011. MEGA5: Molecular evolutionary genet-
ics analysis using maximum likelehood, evolutionary dis-
tance, and maximum parsimony methods. Mol. Biol. Evol. 
28:2731-2739. http://dx.doi.org/10.1093/molbev/msr121
Thomsen, B., P. Horn, F. Panitz, E. Bendixen, & H. P. Anette. 
2006. A missense mutation in the bovine SLC35A3 gene, 
encoding a UDP-N-acetylglucos-amine transporter, causes 
complex vertebral malformation. Genome Res. 16:97-105. 
http://dx.doi.org/10.1101/gr.3690506
Wang, S., H. Hao, X. Zhao, H. Zhu, W. Du, D. Wang, Y. Liu, 
T. Qin, & Z. Wang.  2012.  A rapid mismatch polymerase 
chain reaction assay to detect carriers of complex verte-
bral malformation in Holstein cattle. J. Vet. Diagn. Invest. 
24:568-571. http://dx.doi.org/10.1177/1040638712441605
Yang, Y., J. Zhang, J. Hoh, F. Matsuda, P. Xu, M. Lathrop & 
O. Jurg.  2003.  Eficiency of single-nucleotide polymor-
phism haplotype estimation from pooled DNA.  Proc. 
Natl. Acad. Sci. 100:7225-7230. http://dx.doi.org/10.1073/
pnas.1237858100
Zhang, Y., X. Fan, D. Sun, Y. Wang, Y. Yu, Y. Xie, S. Zhang & 
Y. Zhang.  2012.  A novel method for rapid and reliable 
detection of complex vertebral malformation and bovine 
leukocyte adhesion deficiency in Holstein cattle.  J. Anim. 
Sci. & Biotech. 3:2-6.
SISWANTI ET AL. / Media Peternakan 37(3):143-150
